To evaluate the healing of skin wounds induced experimentally in rats using a crystalline cellulose membrane (Veloderm ® ).
Introduction
The skin consists of three layers: epidermis, dermis and subcutaneous tissue 1 Cavazana et al. 4 report that the treatment of wounds is still under research due to the lack of consensus regarding the best treatment.
To be effective for the treatment of a lesion, a product should be able to keep moisture in the wound bed, remove excess exudate, allow gas exchange, provide thermal insulation, be waterproof and ensure that bacteria do not cause trauma 5 .
A crystalline cellulose membrane (hemicellulose), sold in Brazil as a temporary skin replacement, is obtained from a cane sugar-based structure of hemicellulose microfibers made by a biotechnological process. Its application promotes rapid healing and is indicated for all cases where there is loss of the epidermis, such as abrasions, ulcers, and graft and donor sites for burns [5] [6] [7] [8] . The crystalline cellulose membrane is contraindicated for infected and very exudative wounds 9 . A survey was developed by The product results from a fermentation process with a mixture of Acetobacter Xylinum, Saccharomyces Cerevisiae, and
Saccharomyces Pombe, producing a polymeric structure with a density of 0.02 mm to 0.08 mm, characterized by the following composition: 96.2% hemicellulose, 0.4% carbohydrates and 3.4%
water. The product is a transparent, odorless film available in four different sizes: 6x6 cm, 6x9 cm, 9x12 cm and 12x18 cm. Studies report that when the crystalline cellulose membrane is used in healing wounds, it induces rapid healing, does not produce stretch marks and eliminates the pain resulting from the absence of the skin without the need for painkillers. When wet with a solution of 0.9% sodium chloride, the film becomes transparent, allowing direct visualization of the wound and providing mobility without being torn 5 .
As the search for alternative treatments for cutaneous lesions has been intensified in recent years, a few studies were performed using Veloderm ® in humans with excellent results.
Because of the absence of studies with animals, this study was designed to histologically evaluate the use of the crystalline cellulose membrane (Veloderm ® ) in healing skin wounds induced in rats.
Methods
Research approved by the Ethics Committee (Protocol n. 44/09) of Oeste Paulista University (UNOESTE) and the study was conducted in accordance with the ethical principles.
Thirty-two males of the Wistar rat, weighing between 250 g and 60 days, respectively, were divided into two experimental groups of 16 animals per group. The groups were divided as follows: control group (CG) and Veloderm ® group (VG). The animals were kept under controlled temperature (22 ± 2ºC) and light (12-hour light-dark cycle) with free access to food and water.
The rats were restrained manually, and a shaving was performed in the dorsal region. Next, the animals were anesthetized with pentobarbital (Cristália Produtos Químicos e Farmacêuticos, Itapira-SP) at a dose of 30 mg/kg administered intraperitoneally and immobilized on operative surfboards. The skin was marked with a Pilot ® black pen and a 3x2 cm plastic mold. The skin was removed using a scalpel blade number 22 and an anatomical clamp to preserve the muscle. Treatment of the animals in both groups was performed every monday, wednesday and friday. The wounds of the CG animals were always treated with a solution of 0.9% sodium chloride, followed by the placement of sterile gauze and a crepe bandage over the wound. For the VG animals, the wound was cleaned with a 0.9% sodium chloride solution, and a 6x6 cm crystalline cellulose membrane (Veloderm ® ) was placed over the wound and then covered with sterile gauze and a crepe bandage.
In subsequent treatments, the film was not withdrawn, and only the gauze and bandage were restored. The animals were kept in individual boxes at different times and evaluated for 26 days.
Evaluations were performed at the following times: M0
(day of induction of the wound), M2 (2 days), M5 (5 days), M7 19 where the percentage of contraction (Pc) 
Results
In the times M2 and M5 for the CG rats and M2, M5 and M7 for the VG rats, there was a loss of body weight in relation to the initial weight. In the moments M7, M9, M12 and M14, the animals of the CG had higher weight than the VG animals. For the moments M16, M21, M24 and M26, the weight was greater for the animals in the VG compared to CG.
In the evaluation of the rectal temperature, when comparing the groups in M2, a significant decrease (p<0.05) was observed in the VG animals that remained compared with the CG M5, which maintained the temperature within the normal for the species. At M7, the animals in the CG showed a small decrease in temperature. The temperature for the VG was within the normal range, and there was no significant difference (p>0.05) between the groups. At M9, the decreased temperature of the CG animals Exudate was present from M2 in small amounts in the animals from both groups, but for the CG, exudation was always higher compared with the VG and was significant up to M9. The predominant feature of the exudate was serous for the VG animals and bloody for the CG animals ( Figure 2 ). Regarding the presence or absence of pain sensitivity, 100% of the animals from the CG showed pain at M2, while only one VG animal showed pain, and this difference was significant.
In all subsequent times, the VG animals no longer showed the presence of pain sensitivity, while 37.5%, 25%, 8.33%, 16%,
8.33% and 9% of the CG animals still had pain at moments M5, M7, M9, M12, M14 and M16, respectively.
In the evaluation of the wound area, the average area initially increased to M2 and slowly dwindled as the days passed.
Comparing the groups at all the time periods evaluated showed no significant difference except at M24 and M26. The average percentage of wound contraction was higher in the CG animals than in the VG animals at M21 and M2 and higher for the VG animals at M24 and M26 compared with the CG animals ( Figure 3 ).
In the histological evaluation of the skin, degeneration and necrosis in the CG were significantly higher at M7 than at M21.
In the VG, necrosis was higher at M14 than at M21. Regeneration was more intense at M21, which differed from the M7 in the CG, and was greater in the VG at M26 than at M14.
In the dermis, there was light bleeding in the CG and VG animals at M7, which differed from the M21, and in the VG at M26. Fibrosis was greater at M26 than at M21 in the VG.
In the comparison between the groups within the same time periods, swelling and fibrosis was higher in the control group at M21 and M26, respectively. Neovascularization and infiltrating polymorphonuclear and mononuclear cells showed no statistically significant difference between the groups at any time period but were present at all time points (Table 1 ) (Figures 4 and 5) . Capital letters compare moments in each group. Lowercase letters compare groups at every moment. Scores: 0-absent;1-light; 2-moderate; 3 accentuated.
FIGURE 4 -A)
Photomicrograph of mouse skin control group M7 moment. Image shows intense spongiosis in the epidermis (arrowheads) and mild regeneration of the epidermis (lower arrow). In dermis observed accentuated neovascularization and fibrosis (large arrow). H/E-x100. B) Photomicrograph of mouse skin control group when M14-Image shows epidermal spongiosis and mild regeneration hemorrhage in dermal-epidermal junction (arrowhead). In dermis is observed fibrosis and severe neovascularization (arrows) H/E-x40. C) Photomicrograph of mouse skin control group M21 -Picture shows intense neutrophilic inflammatory infiltrate (arrowheads) and mild regeneration of the epidermis (arrows). H/E-x400. D) Photomicrograph of mouse skin control group M26-Image shows accentuated regeneration of the epidermis (arrowheads) and cleft dermal-epidermal junction (*). In dermis is observed accentuated fibrosis (arrows). H/E-x400.
Discussion
The initial weight loss may have occurred as a result of the stress and pain caused by the induction of the injury. The response mechanism in the face of new situations, known as stress, can lead to decreased intake of food and water. Pain is a sensory quality alert for individuals to understand the occurrence of tissue damage and to establish the mechanisms of defense or escape. The critical point is how to assess pain in animals 10 . The assessment of behavior, weight gain, and early recovery in animals has been demonstrated in many studies to be better in animals where the stress was minimized, for example, with the use of analgesics 10 .
The temperature oscillations with a predominance of hypothermia observed at a few time points for the CG and VG animals may have been caused by the stress of trauma, the large area of skin removal and the use of the 0.9% sodium chloride solution at room temperature rather than heated.
The treatment of wounds using a solution of warm (37°C) 0.9% sodium chloride provides increased mitotic activity of the . In a study with rats, Branco Neto et al. 12 and
Amorim et al. 23 , reported in the control group a high concentration of polymorphonuclear cells at the beginning of the inflammatory process with a significant decrease in its presence in the 14 th and 21 th days compared to the 7 th day, consistent with the current study where a decrease was observed from M21 for both the CG and the VG.
Conclusion
The crystalline cellulose membrane is effective in the treatment of wounds in rats, easy to use, protects and maintains the humidity of the wound, eases the visualization and control of the evolution of the lesion.
